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During recent years, ecology has assumed an 
increasingly important place in our everyday lives. 
Widespread awareness of ecological problems by 
students and the public at large is evidenced by 
an increasing concern for man's effect on his 
environment, the conservation of vital resources 
and the influence of pollution (Mellanby, 1972). 
Yet, in spite of these changes in outlook, the 
teaching of ecology in universities has probably 
been more neglected than any other sphere of 
biology. The most obvious reasons for this are 
not far to seek. The subject often appears 
amorphous and too complex to attempt without 
considerable fore-knowledge of other areas of 
biology and experience of scientific methodology 
(Lambert, 1967). Since ecology concerns orga-
nisms in their natural environment, its effective 
study inevitably poses considerable problems of 
organisation, particularly where large numbers 
of students are involved. Similar problems arise 
in those universities where access to ecological 
areas is difficult, because they are sited in in-
dustrialised districts, or restricted to a winter 
teaching programme. The paucity of information 
on suitably tested laboratory exercises simulating 
various ecological situations makes the problem 
even more acute. Vacational field courses can act 
as a partial remedy, but they suffer the dis-
advantage of being isolated from the lecture 
programme. 
1 . Some Alternative Approaches 
Existing ecology courses in universities fall 
broadly into three categories, 
(i) schemes in which individuals from different 
departments each contribute a series of 
lectures (and practicals) covering particular 
topics or subject areas with which they are 
personally concerned. This can be styled 
the patchwork approach. It is much 
favoured by institutions that run courses 
in "environmental studies", including con-
tributions not only from biology but from 
other disciplines such as geography, 
geology, economics and sociology; 
(ii) a second alternative is the split approach. 
Here, ecology is treated as separate 
subjects e.g. animal ecology or plant 
ecology, a procedure widely adopted in 
more advanced undergraduate courses. 
This has the obvious advantages of 
specialisation, enabling selected parts of 
the subject to be treated in greater depth. 
It might be assumed that this plan pre-
supposes that a student has already 
gained an elementary knowledge of basic 
i.e. interdisciplinary ecology from an 
earlier course but, in our experience, this 
assumption is seldom justified; 
(iii) another alternative is the integrated 
approach. This is particularly well suited 
to early years, but can also be used for 
more advanced work. It involves two or 
more members from different departments 
e.g. zoology and botany, cooperating in 
the running of a single course in which 
they are both equally involved. Usually, 
both will participate in discussions with 
students and in practical work. 
2. An Experimental Ecology 
Course at Bath 
During the last 2 years we have been intro-
ducing at Bath an ecology course with an inte-
grated and experimental basis which is still in an 
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embryonic stage of development. One of the 
reasons for writing this article is to share our 
experiences with others who may have adopted, 
or be thinking of adopting, a similar approach. 
Points of interest about our course include, 
(i) a close integration of zoological and 
botanical aspects, and the provision in the 
future for an increasing microbiological 
component; 
(ii) the employment of simulation experiments 
in the laboratory; 
(iii) an extensive use of slides to provide a wide 
range of experience with different environ-
ments, and with such ecological features 
as succession which cannot be covered by 
other means at an elementary level; 
(iv) the use of research papers to follow the 
development, conflicting viewpoints, and 
different approaches to the resolution of 
particular problems; 
(v) the utilisation of personal research interests 
to provide a detailed background to the 
way in which aspects of ecology and 
ecological genetics may be approached, and 
to relate the results to certain areas of the 
course. 
Mter each year's trials, we have introduced 
extensive modifications involving a considerable 
expenditure of time and effort. Judging by the 
reactions of the students, the extra work has been 
worthwhile. 
The situation at Bath is, in a sense, peculiar in 
that it has so far proved impossible for organisa-
tional reasons to provide an introduction to 
ecology for first year biology students. As a 
result, the course we have evolved, although 
aimed at the third-year level, has necessitated the 
inclusion of a good deal of elementary material 
(see Table 1)*. As mentioned earlier, our ex-
perience with students has shown that we cannot 
rely on any basic ecological knowledge having 
been acquired at school. 
The structure of our course centres round 
three main themes, 
(i) the spatial distribution of organisms. 
(ii) the flow of energy in ecosystems. 
(iii) the gene as an element of continuity in 
populations. 
*Owing to the sandwich system at Bath, the degree 
course lasts 4 years and includes 6 months industrial 
training during each of the first 3 years. The 
requirements of third-year students are therefore 
equivalent to the second year at a traditional univer-
sity. 
Table 1 Summary of a 10-Week Integrated Ecology Course at Bath University 
Week 
2 
3 
4 
Topic Treatment 
Ecological terminology Lecture 
Concept of species Lecture 
Spatial distribution in communities. Lecture 
Some factors concerned 
No second lecture; time used 
for fieldwork 
Measuring the physical 
environment. 
Sampling methods 
No second lecture; 
time used for fieldwork 
Findings from previous 
work on spatial 
distribution 
Lecture 
Discussion 
Practical Work 
Separating species of land gastropods 
using material and ecological data 
provided (2 species of Cepaea; 
2 species of Helix) 
Study of the distribution of plants 
and animals in a stream 
Study of the distribution of an 
animal population (the freshwater 
shrimp, Gammarus pulex) in , 
relation to variations in currerh. 
The estimation of oxygen in water 
(Winkler method) 
Spatial distribution and possible 
ecological relationships of the 
organisms colonising the body of 
Gammarus pulex (Borradaile, 1961) 
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Table ]-continued 
Week Topic Treatment Practical Work 
The changing physical Lecture 
<;nvironment. 
Types of change-long term, 
seasonal, diurnal, spatial, artificial. 
Effects on distribution 
5 Research on the ecology Lecture Study of the compensation point for 
of lampreys, with particular plants grown under different 
reference to the relationship environmental conditions 
between distribution and physiology 
Inter-relationships of organisms. Lecture 
Predator/prey, epibionts, 
commensals, symbionts, parasites 
6 Numbers of organisms. Lecture Pattern of increase in laboratory 
Density dependent and populations of the vinegar eel worm, 
independent factors Turbatrix aceti (Gershon, 1970) 
(Counts made at regular intervals 
Competition between Lecture until the end of term) 
organisms Follow the growth curve of 
Escherichia coli populations in liquid 
culture, with variation in such 
parameters as temperature, aeration, 
concentration of nutrients and the 
initial pH 
7 The nature of competition Discussion Study of model ecosystems set up in 
between organisms the laboratory. 
(Not yet included in the course) 
Structure of ecosystems. Lecture 
Energy flow 
8 Genes in populations. Lecture Simulation of selection and drift using 
The Hardy-Weinberg model bead models. 
Set up investigations of predation 
Genetic polymorphism Lecture by the garden snail, Helix aspersa 
and selection on cyanogenic and acyanogenic 
birdsfoot trefoil, Lotus corniculatus 
9 Influence of research on the Discussion Complete cyanogenesis investigation 
understanding of cyanogenesis in 
clovers and trefoils, as evidenced 
by 6 research papers 
Research on the ecology of the Lecture 
meadow brown butterfly, 
Maniola jurtina. 
Problems of studying selection 
10 Movement in populations. Lecture Conclude experiment on the growth 
Dispersal in plants and of Turbatrix aceti populations. 
migration in animals Discussion of results 
The place of ecology in the study Discussion 
of biology 
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These themes serve as convenient reference 
points for discussion with students and help to 
integrate parts of the subject often treated as a 
series of separate topics. They also provide a 
ready means of linking ecology with other areas 
of biology such as physiology and genetics. 
Elaborating our approach a little further, the 
principal objectives of the course can be sum-
marised as follows:-
(i) to provide students with detailed practical 
experience of at least one ecosystem-a 
stream; 
(ii) as a result of this experience and that of 
other habitats (mainly, but not entirely 
aquatic) introduced through lectures, dis-
cussions and further reading, to gain an 
understanding of certain ecological prin-
ciples. These are set out in the course 
summary (see Table I); 
(iii) to familiarise students with certain tech-
niques-measurement of the physical 
environment, the construction of models 
in biological investigation, the use of 
certain statistical methods, and the employ-
ment of sampling procedures; 
(iv) to illustrate the kinds of procedure 
involved in ecological research based on 
two different examples studied by our-
selves as part of our own research-the 
ecology of larval lampreys (Hardisty and 
Potter, 1971) and the ecological genetics 
of the meadow brown butterfly, Maniola 
fur tina (Ford, 1971); 
(v) to show how the study of a series of 
research papers can throw light on the way 
in which the understanding of a biological 
subject has changed-the topic chosen was 
cyanogenesis in white clover, Trifolium 
repens and birdsfoot trefoil, Lotus corni-
culatus (Darlington and Bradshaw, 1966); 
(vi) to present ecology as an interdisciplinary 
subject having close links with kindred 
areas of biology (Dowdeswell, 1971). 
The course is timetabled to take place on one 
day a week with a duration of 10 weeks, provision 
being made for two one-hour lecture/discussion 
sessions in the morning followed by a 2!- hour 
laboratory period in the afternoon. A brief 
outline of the programme summarised in Table I 
has been modified somewhat in the light of our 
most recent experiences. Inevitably, much detail 
has had to be omitted, but this is relatively 
unimportant as the same objectives could no 
doubt have been achieved using a range of 
different topics and examples. Although the 
practicals are at present biased in favour of the 
zoological side, the lecture and discussion 
programme is more equally balanced between 
plants and animals. In the future we hope to 
increase the botany component of the practical 
work and also to include more of the micro-
biological aspects of ecology. 
As explained earlier, owing to a number of 
constraints, our present course falls more or less 
mid-way between first and third year require-
ments. In the near future we hope to simplify 
and reduce it to an introductory level suitable for 
the first year, and to modify and elaborate it to a 
level more appropriate for third year students. 
3. Some Conclusions 
It may be useful, in conclusion, to summarise our 
more significant findings over the last 2 years. 
(i) In a restricted course of this kind covering 
such a broad subject, it is more important 
than ever that students be provided with a 
wide and carefully selected programme of 
reading if they are not to finish with a 
rather myopic outlook. In a young 
university with limited library facilities, 
access to appropriate books and journals 
can be difficult, and this has undoubtedly 
been one of the greatest problems we have 
had to face-as the students have been 
quick to point out. 
(ii) Restrictions on reading matter referred to 
above, have necessitated a greater recourse 
to lectures than we would have liked. 
They have also enhanced the importance 
of group discussions at which, incidentally, 
both the tutors involved in the course have 
always been present. These occasions have 
served to promote communication not 
only between students and tutors, but 
more important, between the students 
themselves. In the present scheme, lectures 
outnumber discussions by more than 3 to 
1, although some of the time devoted to 
practical work is also used informally for 
the latter purpose. Eventually, as library 
facilities improve, we hope to achieve a far 
greater contribution by the students with a 
consequent reduction in the need for 
lecturing. 
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(iii) There are obvious objections to any 
ecology course based on field experience of 
only one kind of habitat. However, it 
must be stressed that all lectures were 
copiously illustrated with colour trans-
parencies showing a wide range of other 
localities, both aquatic and terrestrial. 
F~ed-back from students has confirmed 
our hopes that, within the context of 
the course, this policy achieved its 
purpose. 
(iv) Practical work has also proved to be a 
major problem, and our experiences have 
demonstrated clearly the urgent need in 
ecology teaching for more reliable class 
laboratory exercises. It is disconcerting to 
find apparently simple investigations, such 
as the growth of Turbatrix populations, 
tending to go wrong for no apparent 
reason. Again, selective predation by 
snails on cyanogenic and acyanogenic 
Lotus, although often successful as a class 
study, has many defects-not least the 
fact that if required in the winter months 
(as at Bath), the predators are normally 
dormant! There is now much evidence to 
suggest that for the practical study of 
certain aspects of ecology, such as spatial 
distribution, succession, and the balance 
of ecosystems (Vogel and Ewel, 1972; 
Odum, 1963), laboratory models simulating 
natural situations have much to recom-
mend them. While we would not suggest 
that they can replace the real thing, for 
introducing classwork they may well be 
preferable in that they allow the environ-
ment to be varied experimentally in 
numerous different ways. For instance, it 
is possible to set up genuine experimental 
situations where a particular factor is 
modified in one model and maintained as 
a control in another. 
(v) The operation of a scheme of this kind is 
greatly influenced by the number of 
students involved. So far, the maximum 
size of a class has been 14, and this has 
presented few organisational problems 
where fieldwork is concerned. We intend 
eventually to provide an introductory 
course of the kind outlined in Table 1 in 
the first year where the numbers tend to be 
around 85. Clearly, the possibility of 
visiting natural habitats will then be more 
restricted, and thus the need for simulation 
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and the setting up of laboratory models 
will become even more important. 
(vi) It may well be asked, to what extent have 
we achieved the objectives which we set 
ourselves? The answer at present is some-
what incomplete. Judging by the written 
work of the students and their responses 
during discussions, it is clear that most of 
them achieved a reasonable understanding 
of basic ecological principles. The most 
successful part of the course was the first 
5 weeks, due largely to the fact that 
theory and practical work were closely 
integrated. Our biggest problem through-
out has been the need to include sufficient 
introductory material, while at the same 
time pitching the bulk of the course at an 
intellectual level appropriate to the third 
year. Since all the students had previously 
taken courses in statistics and genetics, 
relating this experience to ecology did not 
present much difficulty. However, if as we 
intend, the course is eventually expanded 
to include more advanced quantitative 
work, it might be necessary to make 
special provision for the students to have 
acquired a knowledge of the necessary 
mathematical techniques. 
Perhaps our least successful endeavour 
was attempting to adapt Epstein's 
"research method" of teaching (Epstein, 
1970) to our own needs. In this type of 
approach, the detailed interpretation of a 
series of related research papers by 
students (see objective v) demands either 
a considerable expenditure of time, which 
we could not afford, or a level of sophis-
tication and experience which our students 
do not possess. Next year we propose to 
run a series of weekly seminars in order to 
build on the foundation we have already 
laid. Among other things, we intend to 
return to the use of research papers, both 
as a means of broadening the coverage of 
the subject and of encouraging more 
lively student participation. 
Acknowledgements 
It is a pleasure to acknowledge the help of Dr 
E. R. Creed, Professor E. B. Ford, FRS and 
Professor J. L. Harper, all of whom have kindly 
read this paper and contributed a number of 
helpful comments and suggestions. 
Dowdeswell and Potter: Ecology Teaching at University Level 51 
References 
BoRRADAILE, L. A. et al, (1961), (4th Edn. revised 
Kerkut). The Invertebrata, Cambridge. 
DARLINGTON, C. D. and BRADSHAW, A. D. (Eds.), 
(1966). Teaching Genetics, Oliver and Boyd. 
DoWDESWELL, W. H. (1971). Ecological Genetics and 
Biology Teaching, From Ecological Genetics and 
Evolution (edited E. R. Creed). Blackwell. 
EPSTEIN, H. T. (1970). A Strategy for Education. 
Oxford. 
FoRD, E. B. (1971) (3rd Edn.), Ecological Genetics. 
Chapman and Hall. 
GERSHON, D. (1970). Studies on Ageing in Nematodes 
Experimental Gerontology, 5, 7-12. 
HARDISTY, M. W. and POTTER, I. C. (1971). The 
behaviour, ecology and growth of larval lampreys. 
The Biology of Lampreys, 1, 85-125. Academic 
Press. 
LAMBERT, J. M. (editor), (1967). The Teaching of 
Ecology. British Ecological Society Symposium 
Number Seven. Blackwell. 
MELLANBY, K. (1972). The Biology of Pollution, 
Arnold. 
ODUM, E. P. (1963). Ecology. Holt, Rinehart and 
Winston. 
VoGEL, S. and EWEL, K. C. (1972). A Model Mena-
gerie: Laboratory Studies about Living Systems. 
Addison-Wesley. 
